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Pretreatments of sugarcane bagasse for saccharification using different acid-catalysed 
imidazolium IL solutions (containing 20% water) at 130 °C for 30 min were 
investigated. At the same solution pH, pretreatment effectiveness in terms of glucan 
digestibility, delignification and xylan removal were similar for aqueous 1-butyl-3-
methylimidazolium methane sulfonate (BMIMCH3SO3), 1-butyl-3-methylimidazolium 
methyl sulfate (BMIMCH3SO4), 1-ethyl-3-methylimidazolium chloride (EMIMCl) and 
1-butyl-3-methylimidazolium chloride (BMIMCl). Decreasing solution pH of aqueous 
IL systems from 6.0 to 0.4 increased bagasse delignification and xylan removal, and as 
a result, improved glucan digestibility. The glucan digestibilities for bagasse samples 
pretreated by IL solutions with pH ≤ 0.9 were > 90% after 72 h of enzymatic hydrolysis. 
Without pH adjustment, the effectiveness of these aqueous IL solutions (except 
BMIMCH3SO3 because of its low natural pH of 0.9) to deconstruct the biomass was 
poor and the glucan digestibilities of pretreated bagasse samples were < 20%. These 
results show that pretreatment effectiveness of aqueous imidazolium ILs can simply be 
estimated from solution pH rather than hydrogen bond basicity (β) of the IL solution. 
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Over the past decade there has been considerable research in dissolution/pretreatment of 
cellulose and lignocellulosic biomass using ionic liquids (ILs) for subsequent use in the 
production of biofuels.1-13 However, at the present time, there is no commercial process 
of producing fermentable sugars from IL-processed lignocellulosic biomass because ILs 
are expensive due to production and recycling costs. Besides, ILs are generally viscous, 
which limits biomass loadings. Many IL-based dissolution and/or pretreatment 
processes used biomass loadings of ≤ 5%14-16 although high biomass loadings up to 50% 
were occasionally reported.17  
Adding water into IL systems can reduce the process costs significantly if pretreatment 
effectiveness is not compromised. The presence of water in IL solutions has the 
potential to reduce the IL recovery cost and to decrease the viscosities of ILs and IL 
solutions containing dissolved biomass, which allows for the use of high biomass 
loading. Unfortunately, it is generally considered that the presence of water in ILs at ≥ 
1% significantly reduces the dissolution ability of biomass in IL solutions.18 The ability 
of ILs to dissolve biomass can be assessed by using the following set of solvent polarity 
parameters: (a) hydrogen bond acidity (α), (b) hydrogen bond basicity (β), and (c) 
polarizability (π*).19 Hydrogen bond basicity (β) was successfully used by Doherty et 
al. to predict the abilities of imidazolium ILs to dissolve biomass.20 The ILs, 1-butyl-3-
methylimidazolium acetate (BMIMAc) and 1-ethyl-3-methylimidazolium acetate 
(EMIMAc), with higher β values (> 1.0) were found to have better biomass dissolution 
ability than 1-butyl-3-methylimidazolium methyl sulphate (BMIMCH3SO4), 1-butyl-3-
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methylimidazolium hydrogen sulphate (BMIMHSO4) and 1-butyl-3-methylimidazolium 
methane sulfonate (BMIMCH3SO3), with lower β values (< 0.8).20, 21  
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Adding water to ILs reduces β and thus has a negative impact on pretreatment 
effectiveness.20 Nevertheless, pretreatment of lignocellulosic materials by aqueous IL 
solutions has recently generated lots of interest.8, 21, 22 For example, Fu and Mazza used 
EMIMAc solution containing up to 50% water to pretreat wheat straw and obtained a 
high glucan digestibility of > 95%.8, 22 However, the pretreatment process required a 
high temperature (158 °C) and a long reaction time (216 min). Brandt et al. compared 
BMIMCH3SO4, BMIMCH3SO3 and BMIMHSO4 with 1-butyl-3-methylimidazolium 
chloride (BMIMCl) and EMIMAc in the pretreatment of Miscanthus giganteus biomass 
in the presence of ~20% water.21 The authors found that after pretreatment at 120 °C for 
22 h, high glucan enzymatic digestibilities of ≥ 90% were achieved with sulfate- and 
sulfonate-containing IL solutions, and ~73% for EMIMAc solution. In contrast, a low 
glucan digestibility of < 5% was achieved with BMIMCl solution. The authors could 
not find a correlation between the pretreatment effectiveness and β, and attributed the 
enhanced glucan digestibility to the more effective lignin dissolution ability of sulphate- 
and sulfonate-containing ILs.  At round the period Brant et al. were engaged in their 
work, we were developing a pretreatment process based on acid-catalysed BMIMCl 
solutions at temperatures around lignin glass transition temperature (130 °C) in the 
presence of 10 – 30% water.23, 24 Glucan digestibilities of sugarcane bagasse pretreated 
by aqueous BMIMCl solutions containing 1.2% HCl at 130 °C for only 30 min reached 
94 – 100% after 72 h enzymatic hydrolysis. These results suggested that the biomass 
deconstruction process is acid-catalysed and that glucan digestibility is in fact related to 
β in contrast to the conclusion drawn by Brandt et al.21 To confirm the hypothesis we 
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have evaluated the pretreatment effectiveness by aqueous BMIMCl, BMIMCH3SO4, 
BMIMCH3SO3, and 1-ethyl-3-methylimidazolium chloride (EMIMCl) solutions at 
various pHs and a working temperature of 130 °C. 
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2. Experimental 
2.1 Materials 
Sugarcane bagasse was collected from Racecourse Sugar Mill (Mackay Sugar Limited, 
Australia) in Mackay, Queensland, Australia. It was washed with hot water (~90 °C) to 
remove residual sugar, air-dried and milled with a grinder (Retsch® SM100, Retsch 
GmBH, Germany). The milled bagasse was screened and particle sizes between 250 and 
500 μm were collected and stored at room temperature in a sealed container. The 
moisture of the bagasse powder was 7.1%. BMIMCl, EMIMCl, EMIMAc, 
BMIMCH3SO4, BMIMCH3SO3 were purchased from Sigma-Aldrich company. IL-
water mixtures were prepared by mixing distilled water and the IL. The pH of the 
mixture was adjusted by adding HCl solution (32%, w/w) or NaOH pellets. The water 
content in the pretreatment solution was adjusted at 20% taking into account the 
moisture of bagasse and the water from pH adjustment.  AccelleraseTM 1000 (Batch no. 
1600877126) was a Danisco product (Genencor Division, Danisco US Inc., USA ) and 
was purchased through Enzymes Solutions Pty. Ltd (Australia). The filter paper activity 
of Accellerase TM 1000 was ~40 FPU/mL. All the chemicals used in this study were of 
analytical grade. 
2.1 Pretreatment experiment 
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IL solution with the required amounts of acid and 20% water was transferred into a 100 
mL glass flask. A magnetic stirrer was placed into the flask and 4.31 g bagasse (4.0 g 
dry biomass) was transferred into the flask and mixed well. The ratio of liquid to solid 
was 10 : 1 (weight to weight). The flask was covered with a lid to avoid water loss and 
immersed into a preheated silicone oil bath. The heating element was equipped with 
magnetic stirring device (Ika Labortechnik, Germany). The pretreatment process was 
carried out at 130 °C under magnetic stirring (set at 500 rpm) for 30 min. After 30 min 
pretreatment, the mixture was transferred to a beaker and 40 mL water was added. The 
solution was mixed well and then was filtered through a filter paper (Whatman no. 541) 
to collect the pretreated bagasse. The filtrate was collected and stored in freezer at 4 °C 
for further analysis. The pretreated bagasse was washed four times with 1600 mL 
distilled water (4 × 400 mL). The pretreated bagasse was further washed four times (4 × 
40 mL) with 0.2% NaOH solution at room temperature (24 °C) to remove precipitated  
lignin, followed by water wash (2 × 400 mL) to a neutral pH. A portion of the pretreated 
bagasse sample was frozen in liquid nitrogen and freeze-dried under vacuum. The dried 
sample was then stored for compositional analysis. The other portion of the pretreated 
bagasse sample was stored at 4 oC for enzymatic digestion. Compositional analyses of 
raw bagasse and the pretreated bagasse samples were conducted according to standard 
procedures described previously 25. The compositional results were the means of 
duplicate results.  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2.2 Enzymatic hydrolysis 
Enzymatic hydrolysis was carried out in a 20-mL glass vial containing 5 g of solution. 
A glucan loading of 2% was used based on the glucan content in the pretreated bagasse 
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sample. The solution contained 0.05 M citrate buffer to maintain the pH of the solution 
at 4.8 and a final sodium azide concentration of 0.02% was used to prevent the growth 
of microorganisms. The dosage of cellulase (AccelleraseTM 1000) used was 0.5 mL 
AccelleraseTM/g glucan (~20 FPU/g glucan). The reaction was carried out at 50 °C in a 
rotary incubator (Ratek OM 11 Orbital Mixer, Australia) with shaking speed of 150 
rpm. Samples with a volume of 0.2 mL were taken at 0, 6, 12, 24, 48 and 72 h. Each 
aliquot was sealed and incubated for 5 min in a boiling water bath to denature the 
cellulase. The aliquot was then centrifuged at 9000 g for 5 min. 0.1 mL of supernatant 
was diluted 10 times by de-ionized water. The diluted supernatant was filtered through 
0.45 μm disk filter prior to high performance liquid chromatography (HPLC) analysis. 
All the enzymatic hydrolysis experiments were conducted in duplicate and the data 
shown in this study were the means.  
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2.3 HPLC analysis 
A Shodex SP 810 carbohydrate column and Waters refractive index detector were used 
to detect and quantify sugars in biomass compositional analysis and enzymatic 
hydrolysis by HPLC. The mobile phase was water at a flow rate of 0.5 mL/min. The 
temperature for the column was 85 °C.  
2.4 Characterisation of untreated and pretreated bagasse 
Untreated bagasse and pretreated bagasse samples were characterised by X-ray powder 
diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), optical microscopy 
and scanning electron microscopy (SEM). XRD was used to estimate the crystallinity 
index (CrI) of the bagasse samples. The X-ray diffractometer (PANalytical, 
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Netherlands) with Cu Kα radiation (λ = 1.5418 nm) was operated at a voltage of 40 kV 
and a current of 40 mA. The 2θ range was from 4° to 30° in steps of 0.02° at a rate of 
2.6°/min. CrI was calculated by:  
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I002 – Iam  (1) CrI = 
I002  
where I002 is the intensity of the crystalline peak at 2θ = 22.2°, Iam is the “valley” 
intensity of amorphous cellulose, hemicellulose and lignin at 2θ = 18.5°.26   
Fourier transform infrared spectroscopy (FTIR) spectra of the samples were recorded 
between 4000 cm-1 and 500 cm-1 using a Thermo Nicolet Nexus 870 system (Thermo 
Nicolet, US) with the processing software Omnic 7.3.   
For optical microscopy analysis, ~ 20 mg sample was suspended in 2 mL distilled water 
and the suspended sample was observed under microscopy (BX 41, Olympus, Japan). 
Optical microscopy images were taken by Olympus DP Controller software. Scanning 
electron microscopy (SEM) was also used to record the surface morphological features 
of samples. The samples were coated with gold by Leica EMS CD 005 system prior to 
analysis by FEI scanning electron microscope (Quanta 200 3D, US).  
2.5 Calculation 
Glucan (xylan, lignin) recovery was calculated based on the following equation: 
                                                                                                                                    (2) 
Delignification was calculated based on the following equation: 
Component recovery in 
pretreated bagasse (%) = 
Total component in pretreated bagasse × 100% 
Total component in untreated bagasse
(3) Delignification (%) = 100% – Lignin recovery in pretreated bagasse
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Xylan removal (%) = X100% – ylan recovery in pretreated bagasse
Glucan digestibility was calculated based on the following equation: 
                                                   (5)                                                                                    
3 Results and discussion 
3.1 Pretreatment with different types of ILs 
ILs with and without pH adjustment were used to pretreat bagasse at 130 °C for 30 min.  
Table 1 shows that the composition of the pretreated bagasse samples is dependent on 
solution pH. For pretreatments using BMIMCl solution, decreasing the solution pH 
from 5.9 to 0.4 decreased both the xylan and lignin contents in the pretreated bagasse 
samples. As a result, the recoveries of xylan and lignin also decreased with decreasing 
pH. Similar results were obtained for the other ILs. The drop in xylan content with a 
corresponding drop in lignin content is because the fractionation process is principally 
due to the cleavage of β-ether linkages. The majority of the hydrolysed xylan is 
presented as xylose and furfural in the hydrolysate.23  
The results of Table 1 show that EMIMCl is marginally more effective than other ILs to 
remove xylan and lignin from bagasse at the same pH. It has been reported previously 
that smaller cations in imidazolium ILs are more effective in cellulose dissolution than 
larger cations.27 The EMIM cation is smaller than the BMIM cation, and so the 
marginal increase in the proportion of xylan and lignin removed is possibly because of 
increased cellulose fragmentation by the former cation. Previous studies have shown 
that the addition of water, irrespective of IL, will lower the basicity of the IL.20  The 
addition of acid for pH adjustment possibly will counterbalance the loss of basicity 
Total glucose in enzymatic hydrolysis × 0.9 × 00% 1
Digestibility (%) = 
Total glucan in pretreated bagasse
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associated with water addition. With decreasing pH, cleavage of the linkages between 
lignin and carbohydrates is increased and delignification is improved.      
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Fig. 1a shows the relationship between delignification and the solution pH of the 
different IL system, implying that the differences between the ILs are not significant. 
Delignification of bagasse after pretreatment with water-HCl solution (pH 0.4) at 130 
°C for 60 min did not follow the trend line but bring to the fore, indicating the 
significant capabilities of ILs to fractionate lignocellulosic biomass compared to HCl 
solution. 
Fig. 1b shows that there is a positive linear correlation of delignification with xylan 
removal in the IL systems (r2 = 0.9892). Again, the acid-catalysed IL systems were 
more effective in removing xylan from bagasse than HCl solution. For the pretreatments 
using ILs, the positive linear correlation of delignification and xylan removal indicates 
that there is synergy between xylan removal and delignification, and perhaps relate to 
the ability of these systems to sequentially (rather than scission occurring randomly) 
cleave β-ether linkages. The rate and proportion of β-aryl ether linkages cleaved are 
strongly determined by the acidity, the amount of available protons, the temperature and 
water content. 23  
3.2 Structural features of pretreated bagasse 
The structural features of pretreated lignocellulosic biomass determine the extent in 
which it can be converted into fermentable sugars. Fibre particle size, crystallinity, the 
extent of defibrillation of the fibre bundles and the structural linkages and attributes are 
some of the parameters that determine the degree of amenability of the pretreated 
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bagasse to enzymatic hydrolysis. Optical micrographs show significant size reduction 
and defibrillation of bagasse fibre bundles after pretreatment with the BMIMCl solution 
at pH 0.4 compared to the pretreatment with IL solution at pH 5.9 and untreated bagasse 
(Fig. 2). The average particle diameter obtained with the BMIMCl solution at pH 0.4 
was ~25 – 30 µm (Fig. S1) compared to a value of 250-500 µm of bagasse pretreated at 
pH 5.9. The surface of fibre pretreated with the BMIMCl solution at pH 0.4 was smooth 
(Fig. S1) compared to that presented previously23 because precipitated lignin was 
removed by soda wash.  Similar morphological changes were also obtained with 
BMIMCH3SO3, BMIMCH3SO4 and EMIMCl at low pH values. These changes that 
disrupt the biomass architecture make the cellulose component more accessible to 
cellulase and enhance enzymatic hydrolysis. 
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The bagasse samples pretreated with BMIMCl solutions at different pH were 
characterised using FTIR analysis. A number of bands were used to monitor the 
chemical changes that occurred in lignin and the carbohydrate components. As shown in 
Fig. 3, the ester bond (i.e., lignin-hemicellulose) signal at about 1732 cm-1 reduced with 
decreasing pH from 5.9 to 0.4.  This peak may be related to the uronic acid ester bonds 
formed between the carboxylic acid group of hemicellulose and the phenolic hydroxyl 
group of lignin and/or the carboxylic acid group of lignin hydroxycinnamic acid and the 
hydroxyl group of arabinofuranose unit.28, 29 The reduction of this peak was significant 
at pH 0.9 and 0.4 compared to the peak obtained with untreated bagasse, and confirmed 
the results of Table 1 with removal of over 85% lignin and 80% xylan respectively. The 
peaks at 1605 cm-1 and 1515 cm-1 related to the aromatic skeleton vibrations in lignin30 
were still prominent in the bagasse samples pretreated with BMIMCl solutions having 
pH ≥1.9, but were of lower intensity in the bagasse samples pretreated with BMIMCl 
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solution having pH ≤0.9. Decrease in band intensity with decreasing IL solution pH was 
also observed at 1460 cm-1, possibly associated with methoxy group in lignin.31 
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The peak at 1318 cm-1 may be assigned to C-H vibration in cellulose and/or C-O 
vibration in syringyl derivatives according to previous reports.32, 33 In this study, this 
peak is likely associated with C-H vibration in cellulose because the intensity of this 
peak increased slightly with decreasing solution pH, corresponding to the increase in 
glucan content in the pretreated bagasse samples. The peak at 1240 cm-1 is assigned to 
ether bonds.34  This peak diminished with decreasing pH, indicating the cleavage of 
ether linkages between lignin and carbohydrates.  
The region of 1200-1000 cm-1 represents C-O stretch and deformation bands in 
cellulose, lignin and residual hemicellulose.35 The increase in band intensity at 1200 cm-
1 of pretreated bagasse with decreasing solution pH may be related to the increase in 
glucan content. The band intensity at 1105 cm-1, which corresponds to crystalline 
cellulose,7 increased with decreasing solution pH, indicating that the acid pretreatment 
process increased biomass crystallinity. As shown in Fig. 4, the peak at 2θ of ~ 15.5°, 
which corresponds to crystalline cellulose was still significantly present in the 
pretreated bagasse samples. The estimated CrI increased from 0.70 for untreated 
bagasse to 0.72 for bagasse pretreated at pH 1.5 and to 0.76 at pH 0.4. Glucose, xylose 
and their derivatives were detected in hydrolysates from acid-catalysed BMIMCl 
pretreatment process in a previous study.23 Therefore, the slightly increase of CrI at 
lower pH could be attributed to the removal of more amorphous components such as 
amorphous cellulose, hemicellulose and lignin from bagasse. 
12 
 
The peak at 1050 cm-1 is associated with the C-O stretch in cellulose and 
hemicellulose.32 It was more prominent in the samples pretreated at pH ≤ 1.5, 
corresponding to high glucan content. The peak at 898 cm-1 is characteristic of β-
glycosidic linkages,30 and broadening of this peak at low pH may be related to the 
removal of amorphous cellulose.7 The peak at 835 cm-1 belongs to a C-H out of plane 
vibration in lignin.32 The peak signals at 835 cm-1 were still very strong with solution 
pH ≥ 1.5 but became weak at pH 0.9 and disappeared at pH 0.4 because of the removal 
of more lignin at low solution pH.  
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3.2 Glucan digestibility 
The pretreated bagasse samples were enzymatically hydrolysed and the amount of 
glucose released were monitored up to 72 h. Fig. 5 shows the relationships between 
glucan digestibility of bagasse pretreated by aqueous IL solutions (i.e., BMIMCl, 
BMIMCH3SO3, BMIMCH3SO4 and EMIMCl) and (a) pH, (b) delignification, and (c) 
xylan removal. The glucan digestibility for bagasse pretreated by aqueous IL solutions 
increased with decreasing pH (Fig. 5a) and followed a similar trend line as the 
relationship between delignification and pH (Fig. 1a). The glucan digestibilities of 
bagasse pretreated by aqueous BMIMCH3SO3, BMIMCH3SO4 and EMIMCl matched 
those of bagasse pretreated by BMIMCl solutions at the same pH values. However, the 
glucan digestibility of bagasse pretreated by HCl solution was much lower than those of 
bagasse pretreated by IL solutions at the same pH value (Fig. 5a). In a previous study, 
bagasse was pretreated by BMIMCl solution containing 20% water and 1.6% H2SO4 
(pH 0.8).23 The glucan digestibility was 93.5% on the trend line of Figure 5a. From this 
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it follows that replacing HCl with H2SO4 (possibly with other acids with pKa < 2) does 
not alter the dependence of glucan digestability on solution pH. 
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Positive linear correlations of glucan digestibility with delignification (r2 = 0.9951) and 
xylan removal (r2 = 0.9945) pretreated were observed for pretreatments with all IL 
systems (Figs. 5b and 5c). The glucan digestibility value obtained with bagasse 
pretreated with HCl solution matched the linear curve of Fig. 5b, but not so with the 
linear curve of Fig. 5c which depicted the correlation of glucan digestibility with xylan 
removal. The results indicate that glucan digestibility of bagasse obtained via acid-
catalysed process is closely related to delignification in this study. To explore this 
outcome further bagasse pretreated with 3% NaOH solution at 150 °C for 60 min was 
evaluated. The glucan digestibility obtained with NaOH is on the trend line of Fig. 5b, 
but not match the trend line of Fig. 5c as expected. These results confirmed the strong 
correlation of glucan digestibility with delignification for the acid-catalysed aqueous IL 
systems. 
The results from our study show that pretreatment effectiveness of imidazolium ILs (in 
terms of delignification and glucan digestibility) is pH-dependent, and the role of anions 
is over-emphasized in a previous study.21 Without adjustment of IL solution pH, the 
sulfonate-containing IL, BMIMCH3SO3 is more effective than other imidazolium ILs 
because of its lower natural solution pH. The natural pH values of BMIMCl and 
EMIMCl solutions (containing 20% water) are 5.9 and 6.0 respectively, and so have 
weaker biomass deconstruction properties resulting in reduced delignification and 
reduced xylan removal abilities. 
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Recent work by Keskar et al indicates that the delignification of bagasse is as a result of 
the presence of residual acid in the IL trihexyl tetradecyl phosphonium chloride.36  
When the IL solution was adjusted to neutral pH, Keskar et al did not observed 
delignification. Although Keskar and co-workers did not enzymatically hydrolyse the 
delignified bagasse, reasonable amount of sugars is expected to be released from the 
material. Diedericks et al pretreated sugarcane bagasse with BMIMCH3SO3-H2SO4 
system without adding water.37 A maximum glucan digestibility of 77% with a 
delignification of up to 50% was achieved from bagasse pretreated at 125 °C for 2 h 
with 7% H2SO4 in BMIMCH3SO3. The low delignification obtained by Diedericks et al 
is possibly due to the low pretreatment temperature and over-high acid content resulting 
in low lignin solubility.  
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To further support our view that pH plays a vital role in the deconstruction of biomass 
with the aqueous IL systems, we treated bagasse at 130 °C for 30 min with EMIMAc 
solution (containing 20% water) at pH 5.7 (with addition of 9.4% HCl).  The glucan 
digestibility of the pretreated bagasse was < 10%. The further pretreatment with 
EMIMAc solution at pH < 5.7 was not conducted because such a solution would contain 
water content of > 20% and low EMIMAc content (< 70%). Binder and Raines have 
shown that with cellulose treated with EMIMAc-HCl, the glucose yield was 0%, but > 
65% with the EMIMCl-HCl and BMIMCl-HCl,14 thus confirming that the pH of IL 
systems is an important parameter. Brandt et al reported a delignification of ~56% and 
glucan digestibility of ~73% for Miscanthus pulp pretreated with EMIMAc containing 
20% water at 120 °C for 22 h.21 This high delignification is possibly due to the high 
solution pH (~11.0). Fu and Mazza reported that pretreatment of wheat straw using 
EMIMAc solution containing 50% water with a pH 7.96 at 158 °C for 216 min led to a 
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glucan digestibility of over 80%.22 They also found a good linear correlation of glucan 
digestibility with delignification. These results show that pretreatment at basic pH with 
high temperature and/or long pretreatment time can also improve biomass 
delignification in aqueous ILs and increased the glucan digestibility of pretreated 
biomass. 
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4. Conclusion 
The present study compared pretreatment effectiveness of sugarcane bagasse with 
different types of imidazolium IL sytems in acid-catalysed processes in the presence of 
significant quantity of water (20%). Decreasing solution pH of IL systems from 6.0 to 
4.0 increased bagasse delignification, xylan removal and glucan digestibility. Linear 
correlations of glucan digestibility with delignification and xylan removal were 
observed for these IL systems.  
BMIMCl is very stable under acidic conditions as shown in previous study,23 but is 
corrosive. BMIMCH3SO4 is partially hydrolysed with the formation of HSO4- and toxic 
methanol when water is mixed.21 BMIMCH3SO3 may also undergo slight hydrolysis 
with the addition of water considering the similar anion structure as CH3SO4-. HSO4-
containing imidazolium ILs may be a better choice for commercial use because HSO4- 
anion is more stable and less corrosive than other acidic anions. As HCl is corrosive and 
so not suitable for pH adjustment we are currently evaluating environmentally friendly 
IL-acid-water systems for pretreatment of lignocellulosic biomass. 
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Table 1. Effect of solution pH and IL type on biomass composition and recovery 
Figures 
Figure 1. Relationships between delignification and (a) solution pH, and (b) xylan 
removal 
Figure 2. Optical microscopy images of (a) untreated bagasse and bagasse pretreated by 
aqueous BMIMCl solutions at pH (b) 5.9, (c) 1.5, (d) 1.1, (e) 0.9 and (f) 0.4  
Figure 3. FTIR spectra of pretreated bagasse samples 
Figure 4. XRD spectra of pretreated bagasse samples 
Figure 5. Relationships between glucan digestibility and (a) solution pH, and (b) 
delignification, and (c) xylan removal 
Supplementary Figure 1. SEM images of bagasse pretreated by aqueous BMIMCl 
solution with pH 0.4 
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Table 1. 1 
Content in pretreated bagasse (%)  Recovery in pretreated bagasse (%) 
Ionic liquid  pH 
Glucan Xylan Lignin  Glucan Xylan Lignin 
5.9 
(unadjusted) 43.5 20.3 27.0  99.0 98.8 96.5 
3.4 46.3 21.2 26.2 96.5 94.0 85.2 
1.9 49.5 21.1 23.6 96.7 87.5 71.9 
BMIMCl 1.5 60.2 15.3 17.3 94.8 51.2 42.5 
1.1 77.1 9.1 9.7 93.4 23.4 18.3 
0.9 81.4 7.4 7.2 91.7 17.7 12.7 
0.4 88.0 3.1 4.7  90.8 6.8 7.6 
3.4  46.1 21.3 26.5  96.5 94.7 86.5 
0.9 BMIMCH3SO3 79.3 9.1 6.5 92.1 22.5 11.8 (unadjusted)  
0.4 87.3 4.1 4.6  91.4 9.1 7.5 
3.4 
(unadjusted) 45.7 21.5 26.8  96.8 96.8 88.6 BMIMCH3SO4 
0.4 87.4 3.6 4.6  90.3 7.9 7.4 
6.0 
(unadjusted) 43.8 20.5 26.9  98.7 98.1 94.6 
EMIMCl 0.9 82.3 7.2 6.4 91.2 16.9 11.1 
0.4 88.8 2.8 4.3  90.4 6.1 6.8 
HCl solution 0.4 59.8 9.5 26.5 96.1 27.5 66.4 
Untreated 
bagasse - 43.2 20.2 27.5  100.0 100.0 100.0 
 2 
3 
4 
5 
6 
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Figure 5 
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